Background: Bleeding is the most common major complication following colonoscopic polypectomy. The purpose of this study is to evaluate whether submucosal epinephrine injections could prevent the occurrence of postpolypectomy bleeding. Method: The dataset was defined by searching PubMed, EMBASE, Google Scholar, and the Cochrane database for appropriate randomized controlled studies published before April 2015. A meta-analysis was conducted to investigate the preventative effect of submucosal epinephrine injection for overall, early, and delayed postpolypectomy bleeding. Results: The final analysis examined the findings of six studies, with data from 1388 patients. The results demonstrated that prophylactic treatment with epinephrine injection significantly reduced the occurrence of overall (OR ¼ 0.38, 95% CI: 0.21, 0.66; p ¼ 0.0006) and early bleeding (OR ¼ 0.38, 95% CI: 0.20, 0.69; p ¼ 0.002). However, for delayed bleeding complications, epinephrine injections were not found to be any more effective than treatment with saline injection or no injection (OR ¼ 0.45, 95% CI: 0.11, 1.81; p ¼ 0.26). Moreover, for patients with polyps larger than 20 mm, mechanical hemostasis devices (endoloops or clips) were found to be more effective than epinephrine injection in preventing overall bleeding (OR ¼ 0.33, 95% CI: 0.13, 0.87; p ¼ 0.03) and early bleeding (OR ¼ 0.29, 95% CI: 0.08, 1.02; p ¼ 0.05). This was not established for delayed bleeding. Conclusion: The routine use of prophylaxis submucosal epinephrine injection is safe and beneficial preventing postpolypectomy bleeding.
Introduction
Colonoscopic polypectomy is an effective technique that has been shown to reduce the incidence of colorectal cancer by 76e90% [1] . While colonoscopic polypectomy is a relatively safe procedure, it has nevertheless been associated with a number of complications, including bleeding, perforation, and postpolypectomy syndrome [2] . Postpolypectomy bleeding is the most common major complication following a colonoscopic polypectomy procedure, with an incidence rate ranging from 0.3 to 6.1% [3] .
Precipitating risk factors for postpolypectomy bleeding in patients include old age (>65 years), comorbid diseases (cardiovascular disease, chronic renal disease, and hypertension), anticoagulant use, large polyp size (>10 mm), sessile polyps, pedunculated polyps with a stalk size > 5 mm, polyps located on the right side of the colon, malignant polyps, use of cutting mode in treatment and use of low-volume endoscopists in treatment [4e7] .
Various endoscopic techniques have been developed to prevent postpolypectomy bleeding; these include the administration of a submucosal injection with an epinephrine solution (1:10000) in the base of any polyps, argon plasma coagulation, or mechanical hemostasis (using a detachable snare and/or endoscopic clip) [8e10] . The hemostatic effect of epinephrine has been widely demonstrated and it is often used to prevent bleeding following colonic polypectomy and enhancing complete resection, especially in large sessile polyps [11, 12] .
Although there is evidence from several studies that submucosal epinephrine injections may reduce the risk of postpolypectomy bleeding, the findings of these studies vary. The purpose of this meta-analysis was to analyze whether the routine administration of a submucosal epinephrine injection was effective in preventing the complications, by assessing the occurrence of overall, early, and delayed postpolypectommy bleeding for those who were treated with a prophylactic submucosal epinephrine injection and treated only with saline injections or with no injections at all (control group). We also compared the bleeding outcomes, of patients treated with prophylactic submucosal epinephrine injections with those treated with other mechanical hemostatic methods (mechanical group).
Method

Data sources and search strategies
An electronic search of PubMed, EMBASE, Google Scholar and the Cochrane database was undertaken. The search term "epinephrine injection," "colonic polyp," "prevention," and "postpolypectomy bleeding" were used as keywords to identify all studies published in English before May 2017, that compared either (1) the postpolypectomy outcomes of patients treated with epinephrine injection with those treated with saline injections/noinjections or (2) studies that compared the postpolypectomy outcomes of patients treated with epinephrine injections with those treated with mechanical hemostatic methods.
Study selection and eligibility criteria
For inclusion in the meta-analysis, all studies had to (1) examine the effectiveness of colonic polypectomy in patients with colonic polyps, (2) use a randomized controlled study design to undertake the assessment, (3) compare the use of submucosal epinephrine injection prophylaxis by comparing a group of patients who had been treated with this method (epinephrine group) with a control group (either patients treated with non-injection/saline injection) or mechanical hemostasis method (mechanical group), (4) examine overall, early, and delayed postpolypectomy bleeding complication.
The following study types were excluded if: (1) non-randomized and non-comparative studies, (2) case reports, (3) letters to the editor, and (4) review articles. Articles that were only available in abstract form were also excluded. The meta-analysis was performed according to the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2009 [13] .
Definitions
Prophylaxis submucosal epinephrine injection prophylaxis treatment was defined as the administration of an injection of a 1: 10000 epinephrine solution into the base of a polyp or stalk to create tissue elevation sufficient to perform a polypectomy. Mechanical hemostasis treatment was defined as the use of either a detachable snare (endoloop) placed at the base of the stalk before polypectomy or an endoscopic clip placed at the residual stalk or the closure of the mucosal defect after polypectomy. Postpolypectomy bleeding was defined either as (1) early: occurring either during an endoscopic procedure or immediately after as hematochezia within 24 h or (2) delayed: any bleeding event that occurring between 24 h and 30 days following the polypectomy procedure.
Statistical analysis
The meta-analysis was performed using Review Manager Software (Revman version 5.2.6) provided by the Cochrane Collaboration (Nordic Cochrane Center, Cochrane Collaboration, Copenhagen, Denmark). Cochran's chi-square-based Q-statistic test was applied to assess between-study heterogeneity. I 2 was generated to assess the percentage of variance in the meta-analysis attributable to heterogeneity between the included studies. The pooled OR was calculated using the Mantel-Haenszel method, where ORs for outcomes of interest are combined. Dichotomous variables were analyzed by assessing the odds ratio (OR) of the postpolypectomy bleeding rate occurring in the epinephrine group compared to the control group or the mechanical group along with 95% confidence intervals (CIs). An OR that does not involve 1 when combined with the point estimate of the OR at the P < 0.05 level if the 95% CI did not include the value of 1 was considered to be statistically significant.
A random-effects model was used for analysis of the pool data which is a more conservative way to assume a high level of variation between studies and uses a weighted average of the effects reported in different studies to calculate levels of association. The risk of publication bias may have observed in the meta-analysis as we only selected randomized controlled studies, published in English in order to assess the pooled data. Thus, the evidence of publication bias was assessed by Egger's linear regression test and the rank correlation test (Begg's test) using the WINPEPI statistical software (Brixton Health).
Results
The initial search identified a total of 160 potential articles. After screening, six articles were deemed suitable for inclusion in the meta-analysis. An illustration of the search process is given in Fig. 1 . The Modified Jadad scoring of the studies revealed moderate to good quality. Reviews of data extraction showed 100% agreement between the two reviewers. The pooled studies included data on 1523 polypectomy procedures in 1388 patients. Studies that included the patients with bleeding tendencies, abnormal coagulograms, or those undergoing anticoagulant therapy were excluded. An overview of the characteristics of the six studies [14e19] is given in Table 1 .
Prophylactic submucosal epinephrine injection versus saline injection or no injection
Four suitable studies with a total of 1062 patients were identified to examine the efficacy of treatment with submucosal epinephrine injection versus treatment with saline injection or no injection [14e17] . All four studies compared the rate of postpolypectomy bleeding in patients with a polyp size larger than 10 mm.
Overall bleeding complication
The analysis of the relevant studies [14e17] found that the average rate of overall postpolypectomy bleeding complication was 6.2% (66/1062). The rate of overall postpolypectomy bleeding complication in the epinephrine group was 3.4% (% (18/530) and 9.0% (48/532) in the saline/no injection group. A pooled analysis of the ORs of these four studies indicated that prophylaxis with submucosal epinephrine injection significantly reduced the rate of overall bleeding (OR ¼ 0.38, 95% CI: 0.21, 0.66; p ¼ 0.0006). No evidence of heterogeneity was identified among the studies (P ¼ 0.62, I
2 ¼ 0%). The poll analysis represented an absolute risk difference of 0.25 and number need to treat of 4. There was no evidence of publication bias observed by either Egger's test (P ¼ 0.108) or the rank correlation test (P ¼ 0.174).
Early bleeding complication
The analysis of the relevant studies [14e17] found that early postpolypectomy bleeding occurred in 2.8% of patients in the epinephrine group (15/530) and 7.7% of patients in the saline/no injection group (41/532). The polled ORs demonstrated that there 
Delayed bleeding complication
The analysis of the relevant studies [14, 17] demonstrated that delayed bleeding occurred in 0.7% of the epinephrine group (3/405) and 1.7% of the control group (7/406). No significant heterogeneity was identified between the studies (P ¼ 0.48, I
2 ¼ 0%). The pooled analysis of the ORs indicated that prophylaxis submucosal epinephrine injection treatment did not reduce the risk of delayed postpolypectomy bleeding significantly (OR ¼ 0.45, 95% CI: 0.11, 1.81; p ¼ 0.26). The poll analysis represented an absolute risk difference was 0.01 and number need to treat of 100. The evidence of publication was not observed by either Egger's test (P ¼ 0.247) or the rank correlation test (P ¼ 0.467). Forest plots illustrating the rates of postpolypectomy bleeding in both the epinephrine and control group are given in Fig. 2 .
Prophylactic submucosal epinephrine injection versus mechanical hemostasis
Three studies with a total of 565 patients were identified [17e19] that compared the rate of postpolypectomy bleeding between the patients being treated with epinephrine injection and those receiving mechanical hemostasis (such as treatment with an endoloop or clip). All three studies compared the rate of postpolypectomy bleeding in the patients with large pedunculated polyp (polyps larger than 20 mm).
Overall bleeding complication
The average rate of overall postpolypectomy bleeding complication was 4.1% (23/565). The rate of overall postpolypectomy bleeding complication in the epinephrine group was 6.3% (17/268) and 2.2% (6/279) in the mechanical group. A pooled analysis of the ORs of these four studies indicated that treatment with mechanical hemostasis significantly reduced the rate of overall bleeding (OR ¼ 0.33, 95% CI: 0.13, 0.87; p ¼ 0.03). No evidence of heterogeneity was identified among the studies (P ¼ 0.59, I
2 ¼ 0%). The poll analysis represented an absolute risk difference was 0.04 and number need to treat of 25. The evidence of publication bias was not observed by either Egger's test (P ¼ 0.634) or the rank correlation test (P ¼ 0.602).
Early bleeding complication
The early postpolypectomy bleeding occurred in 4.5% of patients in the epinephrine group (12/268) and 1.1% of patients in the mechanical group (3/279). The polled ORs demonstrated that there was a significant reduction in the rate of early bleeding among those in the mechanical group (OR ¼ 0.29, 95% CI: 0.08, 1.02; p ¼ 0.05) without a significant heterogeneity between the studies (P ¼ 0.45, I
2 ¼ 0%). The poll analysis represented an absolute risk difference was 0.03 and number need to treat of 33. The evidence of publication bias was not observed by either Egger's test (P ¼ 0.491) 
Delayed bleeding complication
The delayed postpolypectomy bleeding occurred in the epinephrine group was 1.9% and 1.1% in the mechanical group respectively. This treatment was not found to significantly affect the rate of delayed postpolypectomy bleeding (OR ¼ 0.58, 95% CI: 0.13, 2.49; p ¼ 0.46) without a significant heterogeneity between the studies (P ¼ 0.94, I
2 ¼ 0%). The poll analysis represented an absolute risk difference was 0.01 and number need to treat of 100. The evidence of publication bias was not observed by either Egger's test (P ¼ 0.403) or the rank correlation test (P ¼ 0.602). Forest plots illustrating the rates of postpolypectomy bleeding in both the epinephrine and mechanical hemostasis group are shown in Fig. 3 and the summarized results of the meta-analysis was illustrated in Table 2 .
Discussion
Submucosal epinephrine injections inhibit blood flow into the polyp stalk, which provokes vasoconstriction and compression of the polyp vessels [20] . However, until now, the effectiveness of routine submucosal epinephrine injection has not been clearly demonstrated. This meta-analysis, evaluated the preventative effect of the prophylaxis epinephrine injections for overall, early, and delayed postpolypectomy bleeding complications. The routine used of local epinephrine injection significantly reduced the occurrence of overall (3.4% vs. 9.0%) and early (2.8% vs. 7.7%) postpolypectomy bleeding in comparison with saline injection or non-injection.
The effectiveness of mechanical hemostasis devices (such as endoloops or endoscopic clips) for preventing postpolypectomy bleeding by securing of the polyp stalks or closing mucosal defect has been well established. However, previous randomized controlled studies failed to demonstrate the efficacy of the routine use of the clips to prevent delayed postpolypectomy bleeding (possibly due to small sample sizes and the fact that the mean diameter of the polyps in the study was only 7.8 mm) [21] .
To attempt to clarify the effectiveness of this treatment, the study analyzed data from three randomized studies that compared the efficacy of epinephrine injection and mechanical hemostasis in postpolypectomy bleeding examined in the patients with polyp sizes > 20 mm. The results demonstrated that prophylactic treatment with mechanical hemostasis is more effective than epinephrine injection for preventing of overall postpolypectomy bleeding (2.2% vs. 6.3%) and early postpolypectomy bleeding (1.1% vs. 4.5%) postpolypectomy bleeding.
The application of submucosal epinephrine injection and mechanical hemostasis device (in the polyps' size larger than 20 mm.) as a routine procedure is helpful to reduce the occurrence of postpolypectomy bleeding. Both preventative methods are safe and establish hemostasis of the polyp stumps following a polypectomy as well as reduce the risk of bleeding, which contributes to the encouragement of the patient safety, reduce cost and avoid unnecessary intervention to correct the postpolypectomy bleeding (such as blood transfusion, endoscopic intervention, embolization and surgery) [22] .
Nonetheless, neither prophylaxis methods were found to significantly reduce the risk of delayed postpolypectomy bleeding. However, this may reflect aspects of our analysis, rather than the inefficiency of the methods in preventing delayed bleeding. For instance, only a few examples of delayed bleeding were included in our study; most of the patients were treated with cutting modes or blend currents that are associated with a lower risk of delayed bleeding and patients who were more likely to suffer from delayed bleeding (such as those with coagulopathy or taking the anticoagulants) were excluded [23e26]. While the findings of the meta-analysis help clarify the effectiveness of these treatments, the study is subject to several limitations. For instance, in order to the data set that was as appropriate for comparison as possible, only a limited number of randomized controlled studies were included in the meta-analysis. In addition, differences in the electrical current used in the polypectomy procedures, as well as variations in the types and pathologic features of the polyp in each study may have led to an increase in the heterogeneity between the studies.
Moreover, in the studies comparing the prophylaxis effect of epinephrine injections with that of mechanical methods, patients taking anticoagulants, those with abnormal coagulation, and those with pedunculated polyp sizes smaller than 20 mm and nonEnglish studies were excluded from the data, which may have resulted in some level of publication bias in the meta-analysis. However, the statistical tests did not identify heterogeneity between the studies nor publication bias.
Established in the result of the meta-analysis, the occurrence of delayed postpolypectomy bleeding was less than 0.01% and there was a limited number of randomized controlled studies in this meta-analysis. Thus, the negative results in a small sample size may contribute to non-significant difference in bleeding outcomes. Thus, a power calculation with 0.05% significance level and 80% power was used. Future RCTs will need to enroll 1275 polypectomy procedures in each arm to rule out a 50% relative risk reduction (1% absolute risk reduction) in routine use of submucosal epinephrine injection and application of hemostasis device for the prevention of delayed postpolypectomy bleeding.
Given the study focused exclusively on studies where the mean polyp size was larger than 15 mm, it may be beneficial for future randomized controlled studies to examine the efficacy of prophylaxis submucosal epinephrine injections in the smaller sized polyps. Further research on the effectiveness of routine use of these treatments in patients at high risk of postpolypectomy bleeding patients (such as those undergoing antiplatelet and anticoagulant therapy) may also be beneficial.
Conclusion
This study demonstrates the benefit of prophylaxis submucosal epinephrine injections and mechanical hemostasis devices for the prevention of postpolypectomy bleeding. On the basis of this findings; the use of epinephrine injection as a routine procedure before the performance of a polypectomy were recommended. In cases where polyps are larger than 20 mm, a combination treatment, where treatment with epinephrine injection is combined with the placing of mechanical hemostasis devices, may be more effective in significantly decreasing the occurrence of bleeding. 
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